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Abstract 
The global energy issues have stimulated   increasing research interest in the linkages between the energy 
consumption and economic growth. As the biggest developing country , China has surpassed United States to be the 
world’s largest energy consumption country.  This paper examines the casuality between GDP and energy 
consumption by using updated China provincial panel data for the period 1985–2007 within  a multivariate 
framework by adopting Pedroni's  panel methodology. The results show that cointegration is present between real 
GDP, energy consumption, the labor force, and real gross fixed capital. The results of Granger-causality test indicate 
the presence of Bi-directional causality between energy consumption and economic growth  which  supports the feed 
back hypothesis.Economic interpretations of the empirical results are also presented. 
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1. Introduction 
The relationship between energy consumption and economic growth has attracted much attention in 
the energy ecnomics literature. Based on the methodology used, the literature on the relat ionship between 
energy and economic g rowth can be divided into two categories: one using time series methods and the 
other using recently developed panel methods. The in itial  study  about the topic dates back to  Kraft and 
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Kraft (1978) who  examined the energy use and economic growth relat ionship in the USA. Previous 
research on  China has been quite rich and d iversified. Most of the research  adopted time series  method 
in a bivariate or mutivariate framework (LIN  Boqiang(2001);. HAN Zhiyong et al (2004); WANG 
Haipeng et al (2006) ; W U Qiaosheng et al (2005); YUAN Jia-Hai(2008)) , and the empirical results of 
these studies are diversified too. Exit ing  research applying panel method has been quite limted and only 
within a bivariate framework ( WU Qiaosheng et al (2008));   However, a common problem of bivariate 
analysis is the possibility of omitted variab le b ias (Lütkepohl, 1982). Recognizing  the omitted variable 
problem, this study examines the relationship between energy consumption and economic growth within 
a multivariate framework by including measures of capital and labor. Second, in response to the short 
data span and the reduction in the power and size properties of conventional time series method, the panel 
approach advanced by (Pedroni, 1999) and (Pedroni, 2004) will be employed. Since there is  considerable 
variation in energy efficiency and economic performance across provinces in China,panel unit root and 
cointegration tests provide additional power by combining the cross -section and time series data allowing 
for the heterogeneity across provinces. The purpose of this study is to extend the empirical literature on 
the causal relat ionship between energy consumption and economic growth to China using panel method 
within a multivariate framework. Sect ion 2 illustrates  panel methodology in a mult ivariate framework 
and the data.  Section 3 discusses and empirical results. Concluding remarks are given in Section 4. 
2. Methodology and Data 
We carry out  the test of the causal relationship between economic  growth(GDP) and energy 
consumption in four stages. First,we adopt panel unit root tests  including Breitung( 2000),Hadri (2000), 
Choi (2001), Levin  et al. (2002), Im et al. (2003), and Carrion-i-Silvestre et al. (2005) to test for the order 
of integration in the GDP, energy consumption ,labor and captial series . Second,we employ panel 
cointegration test (Pedroni,1999) for whether cointegration  is present . Th ird  ,if cointegration  is p resent, 
we estimate the cointegrating coefficients of regressors relating cointegrated variable by using 
FMOLS( Fully Modified OLS) according to Pedroni(2000) . Finally, Use the residuals obtained from 
long-run model through FMOLS as the error correction term, a panel  VECM(vector error correction 
model) is estimated as  the following : 
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where Δ is the first-difference operator; p  is the lag length; and u is the error term which is serially 
uncorrelated. In the real GDP Eq. (1), short-run causality from energy consumption, capital, and the labor 
to real GDP are tested, respectively. The null hypothesis of no long-run causality in each Eqs. (1) is tested 
by examining  the coefficient  λ respectively. 
Annual data from 1985 to 2007 were obtained from the National Bureau of  Statistics of China. The 
multivariate framework includes real GDP (GDP ), real gross fixed  capital investment (K), labor force (L), 
and energy consumption (E). The Appendix provides summary statistics for each of the variables across 
provinces. The data is compiled within a panel data framework in light of the relatively short time span of 
the data. All variables are in natural logarithms. 
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3. Empirical results 
The panel unit root tests indicate all the variables are integrated of order one. Since the variables are 
integrated of order one ,next stage is to test the cointegration properties of the variables. 
Table1. Panel cointegration tests China, 1985–2007 
 
Within dimension  Between dimension 
Test statistics: Test statistics: 
Panel v-statistic -3.01496*** Group ρ-statistic -1.37663* 
Panel ρ-statistic -3.13602*** Group PP-statistic -12.66716*** 
Panel PP-
statistic 
-12.43855*** Group ADF-statistic -7.53321*** 
Panel ADF-
statistic 
-8.59495***   
 
Notes: the 1% significance level denoted by “***”. the 10% significance level denoted by “*”.All reported values are distributed 
N(0,1) under null of unit root or no cointegration. The total number of observations is 462. 
Table 1 reports both the within and between dimension panel cointegrat ion test statistics. With the 
exception of the Group ρ-test which rejects the null hypothesis of no cointegration at the 10% 
significance level. , the other six test statistics reject the null hypothesis of no cointegration at the 1% 
significance level. 
Table2  Panel FMOLS long-run estimates China, 1985–2007 
 
PANEL GROUP FMOLS RESULTS   
Dependent variable Independent Variable Coefficient t-statistic 
GDP 
FIXED CAPITAL 0.16*** -8.52 
ENERGY  0.57*** -19.35 
LABOR 0.53*** -21.06 
Notes: the 1% significance level denoted by “***”. the 5% significance level denoted by “**”. the 10% significance level denoted 
by “*”. The total number of observations is 462. 
Since the variables are co integrated, the long-run equilib rium coefcients can be estimated by using the 
fully modified OLS (FMOLS) technique proposed by Pedroni (2000) .Tab le 2 displays the FMOLS 
results.Individual FMOLS results indicate that with the exception of few areas a ll the coefficients  of 
varable K and Energy  are positive and statistically significant at the 1% significance level. Since the 
variables are expressed in natural logarithms, the coefficients can be interpreted as elasticities. Panel 
group FMOLS results indicate that all the coefficients of varable K , Energy,and Labor  are positive and 
statistically significant at the 1% significance level ,and that .a 1% increase in energy consumption 
increases real GDP by 0.57%; a 1% increase in capital increases real GDP by 0.16%; and a 1% increase 
in the labor force increases real GDP by 0.53%. Compared to the results of other FMOLS estimates using 
chinese panel data, the elasticity of energy consumption with respect to real GDP is lower than the 1.69% 
in eastern area of China and 1.82% in central area o f China and 1.47 in western area of China reported by 
Wu Qiaosheng et al. (2008).  
Table 3 reports the results of the short-run and long-run Granger-causality tests.Energy consumption, 
real gross fixed capital investment, and the labor force have no statistically significant impact in the short-
run on real GDP. On the other hand , the error correction term is statistically significant at the 10% level 
Yang Shuyun and Yu Donghua / Energy Procedia 5 (2011) 808–812 811
denoting a relat ive slow speed of adjustment to long-run equilibrium. It appears that real GDP and the 
capital have a statistically  significant impact on energy consumption ,but. the labor force do not have a 
statistically  significant impact  on energy consumption. Moreover, the error correction  term is statistically  
significant which suggests that energy consumption is  responsive to adjustments towards long -run 
equilibrium. Real GDP has a positive and statistically significant impact on real gross fixed capital 
formation,. however, both energy consumption and the labor force appear to have no statistically 
significant impact,and the error correct ion term is statistically insignificant. Real g ross fixed capital 
investment have a positive and statistically significant impact on the labor force in the short -run while the 
impac of  energy consumption and real GDP is negative and statistically significant. The error correction 
term is statistically insignificant indicating that there is no adjustment towards equilibrium. 
Table3   Panel causality test results China, 1985–2007 
 
Dependent 
variable  
Sources of causation (independent variables) 
Short_run   Long_run 
 
GDP'  
 
E'  
 
K'  
 
L'          
 
ECT  
 GDP'  _ (0.0701) 
0.65 
(0.0042) 
1.60 
(-0.0118) 
0.35 
(0.0258) 
2.85* 
E'  
 
(0.1715) 
5.45** 
_ (0.0100) 
2.86* 
(0.0304) 
1.07 
(0.0440) 
4.54** 
K'  (0.6677) 
5.22** 
(-1.0003) 
0.94 
_ (-0.0400) 
0.38 
(0.1423) 
2.31 
L'  
 
(-0.4608) 
3.61* 
(-0.4762 
4.98** 
(0.0608) 
27.74*** 
_ (-0.0304) 
0.36 
Notes: ECT represents the coefficient of the error correction term. Partial F-statistics are reported with respect to short -run changes 
in the independent variables underneath the corresponding coefficients .* Significant at 10% level,** Significant at 5% 
level,***Significant at 1% level respectively 
4. Conclusion 
In order to design effective energy and development policies, policymakers need to identify the 
relationship between energy consumption and economic growth. In the case of China, the results of  panel 
cointegration test reveal that there is a long-run equilibrium relat ionship between real GDP, energy 
consumption, the labor force, and the real gross fixed capital investment. This long-run relat ionship 
suggests that a 1% increase in energy consumption increases real GDP by 0.57%; a 1% increase in capital 
increases real GDP by 0.16%; and a 1% increase in the labor force increases real GDP by 0. 53%. 
Furthermore, the estimation of a panel vector error correction model indicates the presence of both short-
run and long-run Granger-causality running from economic growth to energy consumption and the 
presence of long-run Granger-causality running from energy consumption to economic g rowth lending 
surport to the feed back hypothesis. Bi-d irect ional causality between energy consumption and real GDP 
implies that energy consumption and economic growth  jointly determined and affected a the same 
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time .The results of this study reiterate the importance of energy  consumption in  the development in 
Chinese growth prospects.. 
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